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BACKGROUND OF THE INVENTION 
[0001] The present invention relates generally to hinge 
mechanisms for knee braces, and more particularly to an 
improved hinge system for a knee brace which is adapted to 
simulate the movements of a knee joint while regulating its 
flexion and extension within a plurality of prescribed 
ranges of motion. 

[0002] A knee joint is essentially comprised of two 
joints, namely, lateral and medial joints, which are 
positioned between the femur and tibia. The primary 
movements of the knee joint are flexion (rearward 
rotational movement of the tibia relative to the femur) and 
extension (forward rotational movement of the tibia 


relative to the femur) . The flexion and extension 
movements of- the knee joint are not, however, limited to 
simple pivotal movements about a fixed axis. 
[0003] Rather, the axis around which flexion of the knee 
joint occurs shifts backward, while shifting forward during 
extension thereof. This is different from other types of 
hinge joints such as elbow joints where the axes of 
rotation do not shift at all. 

[0004] When the knee joint is fully extended, the tibia 
is rotated forward which in effect locks the joint in 
position with the ligaments taut. This tend to provide 
greater stability to the knee joint. Furthermore, when the 
knee joint begins to flex from the fully extended position, 
the tibia first is lowered with a small external rotation 
which unlocks the knee joint. Thereafter, the tibia 
rotates rearward about the knee joint to full flexion. In 
this regard, the initial unlocking of the knee joint during 
flexion proceeds actual full rotation of the knee. 
[0005] Because of the complexity associated with knee 

movement as described above, a knee brace hinge mechanism 
must be able to simulate the movements of the knee than a 
simple hinge. The incorporation of such hinge mechanism is 
important as the knee brace must optimally support the knee 
joint of its user. For instance, in the context of post- 
surgical applications, the requirement for such simulation 
of the knee joint is essential in order to properly 
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rehabilitate and/or prevent re-injury of an injured knee 
joint. In addition to this requirement for such post- 
surgical applications, the hinge mechanism should also be 
able to control the range of knee joint flexion- and 
extension so that the joint does not re-injure itself due 
to hyper-extension and/or flexion. As the optimal range of 
knee joint motion may vary between users and/or change 
during the progress of rehabilitation, the knee brace hinge 
mechanism used in conjunction with such surgical 
applications should further be adjustable to correspond to 
the particular motion range of the user's leg. 
[0006] In recognizing the need for an effective post- 

surgical knee brace, various types of hinge mechanisms have 
been incorporated into currently available knee braces for 
post-surgical applications. However, most conventional 
hinge mechanisms typically fail to provide the precise 
simulation of knee joint movement as described above or 
control the range of knee joint motion. Such deficiency 
inevitably decreases the likelihood of the user's knee 
joint from being properly rehabilitated after surgery. 
Further, most contemporary knee brace hinge mechanisms 
typically fail to possess sufficient adjustability so as to 
quickly and easily provide the optimal set range of knee 
motion depending upon the current user's needs and/or 
rehabilitation progress. 

[0007] In view of the above-described shortcomings of 
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conventional knee brace hinge mechanisms, there exists a 
substantial need in the art for a hinge system that can 
closely simulate the motion of the knee joint while 
regulating the range of its flexion and extension. More 
specifically, there exists a substantial need for a hinge 
system which can be easily and quickly adjusted so as to 
provide a variable, optimal range of knee joint flexion and 
extension for the particular need of its user. 

BRIEF SUMMARY OF THE INVENTION 
[0008] The present invention specifically addresses and 
alleviates the above-referenced deficiencies associated 
with the use of the knee brace hinge mechanisms of the 
prior art. More particularly, the present invention 
comprises an improved hinge system for a knee brace. which 
is sized and configured to simulate the movement of a knee 
joint while regulating its flexion and extension within a 
plurality of prescribed ranges of motion. The present 
hinge system's adaptability to simulate and regulate the 
knee joint movements within a selected optimal range of 
motion helps to rehabilitate an injured knee joint and may- 
further prevent re-injury of the same due to hyper- 
extension and/or flexion. 

[0009] In accordance with a preferred embodiment of the 
present invention, there is provided a knee brace hinge 
system adapted to simulate the anatomical movement of a 
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knee joint while regulating its flexion' and extension 
within a plurality of variable prescribed ranges of 
motion. This hinge system may be incorporated into a 
variety of knee braces such as sports braces, post-surgical 
and/or osteoarthritis knee braces. 

[0010] The system includes a flexion-extension 

regulating device having an upper member and a lower member 
that are attached to each other in a manner as to define a 
gap therebetween. This gap is sized to accommodate an end 
portion of the knee brace's upper strut whereat fasteners 
may be used thereafter to fixedly maintain it therewithin. 
The lower member preferably comprises an outer periphery 
forming a configuration which corresponds with that of the 
upper strut's end portion so that the end portion can be 
fully supported thereon for better accommodation. Although 
the upper and lower members may be two separate components 
which are merely attached to each other via fastening, 
adhering and the like, it is preferred that they are 
unitarily formed to each other. 

[0011] In the preferred embodiment of the present 

invention, an elongated main slot is defined through the 
upper and lower members. The elongated main slot is formed 
by substantially aligning the upper member's elongated 
upper slot and the lower member's elongated lower slot 
together. The main slot provides a fixed boundary which 
sets a prescribed range of motion allowing for controlled 


flexion and extension of a user's knee joint. 
[0012] The elongated main slot is preferably formed in 
an arcuately curved configuration. In conformance with the 
curved main slot, the upper member may form a generally 
arcuate configuration where substantial portions of its 
outer periphery are curved in the same direction as the 
curvature of the main slot. However, this specific 
configuration of the upper member is not required but 
merely preferred as other configurations that are adequate 
in size to form the curved slot therethrough would suffice. 
[0013] In accordance with the preferred embodiment of 

the present invention, there is. provided a motion limiting 
member is pivotally connected to the lower member at it's 
surface which faces away from the upper member. It is 
further pivotally connected to an end portion of the knee 
brace's lower strut. An elongated arm member is pivotally 
attached to the lower strut opposite from the motion 
limiting member and extends to be further pivotally 
attached. to the upper strut of the knee brace. 
[0014] By providing such multi-rotational linkage, the 
motion limiting member allows relative movement of the 
upper strut and lower strut in a regulated manner about a 
varying pivot axis. This simulates normal knee joint 
movement wherein during initial movement of the tibia 
relative the femur in flexion, the tibia slightly lowers to 
unlock the knee joint and once unlocked; subsequently 


pivots rapidly backward in flexion. Of course, the knee 
joint movement is reversed into extension by the tibia 
rotating forward which in effect ultimately locks the joint 
in position with the ligaments taut. 

[0015] The motion limiting member has a motion limiter 
which is essentially a .projection that extends 
perpendicularly outward with respect thereto. Such 
projection preferably comprises a flange fabricated from 
any rigid material such as metal. When the motion limiting 
member is attached to the lower, member as described above, 
the outwardly extending motion limiter aligns itself within 
the main slot. 

[0016] The motion limiting member preferably is formed 
having a generally triangular configuration. However, the 
motion limiting member may be formed in any configuration 
which allows the motion limiter to be freely disposed 
within the fixed boundary defined by the main slot. By- 
being freely disposed within the main slot, the motion 
limiter is allowed to slide between the fixed boundary 
limits of the arcuate slot when the knee brace's upper and 
lower struts pivot about the knee joint. 

[0017] In this respect, the elongated arcuate main slot 
defines a fixed boundary which facilitates a predetermined 
range of motion for allowing knee joint flexion and 
extension. The fixed boundary may be variably sized i.e. 
lengthened or shortened to yield different ranges of 
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motion. However, it is preferred chat such range of motion 
is between about 0 to 140 degrees, than is, the position 
formed by the tibia in relation to the femur in terms of 
degrees. 

[0018] The prescribed range of motion may be adjusted in 
two. ways. The first manner of adjusting the prescribed 
range of motion is through the use of at least one stop 
member. The stop member may be removably placed within the 
elongated main slot to selectively shorten the length of 
fixed boundary in which the motion limiter is allowed to 
move. Further, the use of two stop members is also 
contemplated as the motion limiter may be confined 
therebetween, thus limiting its range of motion to the 
length set by both stop members. 

[0019] . The second manner of adjusting the prescribed 
range of motion is to utilize two sets of stop members in 
combination. The first set of stop members comprise 
multiple members essentially of different lengths to 
control flexion of the user's knee joint. Likewise, the 
second set of stop members also comprises multiple members 
each having a different length for the purpose of 
controlling the extension of the user's knee joint. One 
stop member from each of the sets may be selected 
(depending upon the length desired) and placed apart from 
each other at the respective ends of the elongated main 
slot, which results in the formation of a new prescribed 
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range of motion. 

[0020] In operation, a knee brace (e.g., sports brace, 

post -surgical and/or osteoarthritis knee braces) 
incorporating the present hinge systems is worn upon a leg 
of a user for the purpose of regulating the flexion and 
extension of his/her knee joint within an optimal range of 
motion. Such regulation helps to rehabilitate an injured 
knee joint and/or prevent' re-injury of the same due to 
hyper-extension and/or flexion. Of course, it is 
recognized that an additional knee brace may be further 
worn upon the remaining leg. 

[0021] When such knee brace is worn upon the user's leg, 
and more particularly about the knee joint, the knee brace 
acts to simulate the movements of the knee joint. However, 
the interaction of the motion limiter and the main slot as 
discussed above limits the movement of the knee brace's 
upper and lower struts. This consequently limits the 
flexion and extension of the user's knee joint within the 
predetermined range of motion prescribed by. the main slot's 
fixed boundary (preferably between about 0 to about 140 
degrees) . 

[0022] If the user wishes to adjust the range of motion 
of his or her knee joint, stop member (s) may be applied to 
each of the hinge system. As noted above, the stop 
member (s) may be placed within the main slot to selectively 
adjust the fixed boundary in which the motion limiter is 
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aLlowed to travel. Essentially, the stop member (s) is used 
to shorten the fixed boundary so that the range of motion 
can be set at less than 1-4 0 degrees, and may be done so in 
5 to 10 degree increments, or lower if desired. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0023] These as well as other features of the present 
invention will -become more apparent upon reference to the 
drawings wherein: 

[0024] Figure .1 is a perspective view of a knee brace 

constructed in accordance with a preferred embodiment of 
the present invention and illustrating a flexion-extension 
regulating hinge system which is attached to the end 
portions of its outward- facing pair of upper and lower 
struts; 

[0025] Figure 2 is an enlarged side view of the flexion- 
extension regulating hinge system of Figure 1 and 
illustrating its elongated, arcuately curved main slot 
utilized for providing a prescribed range of motion in 
which a user's knee joint is allowed to flex and extend; 
[0026] Figure 3 is an enlarged, opposite side view of 

the flexion-extension regulating hinge system of Figure 2 
and illustrating a motion iimiter which perpendicularly 
projects outward from its motion limiting member to be 
aligned within the elongated main slot of Figure 2; 
[0027] Figure 4 'is an enlarged side view of the flexion- 


extension. regulating hinge system of Figure 3 and 
illustrating its motion limiter which is caused to slide 
along the elongated main slot when the upper and lower 
struts of the knee brace pivot about the user's knee joint; 
[0028] Figure 5 is a perspective exploded view of the 

flexion-extension regulating hinge system of Figure 1 and 
illustrating stop members which are disposable within the 
elongated main slot for adjusting the prescribed range of 
motion; and 

[0029] Figure 6 is a perspective view of two sets of 

stop members each being comprised of multiple stop members 
of different lengths which are selectively utilized in 
combination in the manner shown in Figure 5 to control 
flexion and extension of the user's knee joint. 

DETAILED DESCRIPTION OF THE INVENTION 
[0030] Referring now to the drawings wherein the 

showings are for purposes of illustrating preferred 
embodiments of the present invention only, and not for 
purposes of limiting the same, Figure 1 illustrates a knee 
brace 10 constructed in accordance with a preferred 
embodiment of the present invention. As indicated above, 
the present knee brace 10 includes a unique hinge system. 12 
which simulates the movement of a user's knee joint 14, 
while being capable of regulating its flexion and extension 
within a number of prescribed ranges of motion. This 
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ability to simulate and regulate the knee joint movements 
within a selected optimal range of motion helps to 
rehabilitate an injured knee joint 14 and may further 
prevent re-injury of the same due to hyper-extension and/or 
flexion. 

[0031] Referring more particularly to Figure 2 and 5, 

the knee brace hinge system 12 of the present invention may 
be utilized in conjunction with various knee braces. Types 
of knee braces that are compatible with the present hinge 
system 12 are sports braces, post-surgical and/or 
osteoarthritis knee braces. However, the applicability of 
the hinge system 12 is in no way limited to such braces. 
In this regard, the knee brace 10 portrayed in Figure 1 is 
merely exemplary to illustrate the application of the hinge 
system 12 as other types of braces may be utilized in lieu 
thereof . 

[0032] The knee, brace 10 includes an upper pair of struts 
16 each having respective end portions 13 and a lower pair 
of struts 20 each having their respective end portions 22. 
The upper pair of struts 16 and lower pair of struts 20 are 
disposed in an inverted relative orientation, and are 
placed on opposite sides of the user's knee joint 14. The 
hinge system 12 is disposed on both sides of the knee joint 
14 between the upper strut 16 and the lower strut 20. 
[0033] As best illustrated in Figure 5, the present 

hinge system 12 first includes a flexion-extension 
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regulatir.g device 24. Although such regulating device 24 
may be fabricated from any rigid . mater ia 1 (e.g., hard 
plastic), it is preferably made from metal. The flexion- 
extension regulating device 24 is formed by attaching an 
upper member 26 and a lower member 28 together. However, 
a gap 30 is created between the upper and lower members 26, 
28. The gap 30 created between the. upper and lower members 
26, 28 is sized so that it may accommodate the end portion 
18 of the upper strut 16 therewithin. Device fasteners 32 
(e.g., rivets, screws, pins and the like) may then be used 
to securely maintain the end portion 18 of the upper strut 
16 within the gap 30. 

[0034] Although not mandatory, the lower member 28 

preferably defines an lower outer periphery 34 which is. 
larger than the upper outer periphery . 36 of the upper 
member 26, and which substantially corresponds to the 
configuration of the upper strut's end portion 18. By 
embodying such periphery 34, the lower member 28 may 
support the end portion 18 of the upper strut 16 thereon in 
a manner as to contain the end portion's configuration 
substantially within its periphery 34. 

[0035] Referring now to Figures 2-5, an elongated main 
slot 38 is formed through the upper and lower members 26, 
23. More specifically, the upper member 26 comprises an 
upper body 40, whereas the lower member 28 comprises a 
lower body 42. Although the upper and lower bodies 40, 42 
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may be formed in a variety of sizes, shapes and 
configurations, it is preferred that the upper body 40 be 
defined in a generally arcuate configuration and the lower 
body 42 be defined in a configuration which substantially 
corresponds with the upper strut's end portion 13. The 
upper and lower bodies "40, 42 respectively comprises an 
upper slot 44 and a lower slot 46 which are substantially 
aligned with each other when the two bodies 40, 42 are 
attached. The two slots 44, 46 collectively create the 
elongated main slot 33. The main slot 38 provides an inner 
slot periphery 47 which in turn provides a fixed arcuate 
boundary that serves to define a maximum prescribed range 
of motion for allowing controlled flexion and extension of 
a user's knee joint 14. As shown in the specified figures, 
the elongated main slot 33 is preferably formed having 
arcuately curved configuration. 

[0036] Figures 3-5 illustrate a motion limiting member 

43 having a motion limiting body 50 with a first motion 
limiting surface 52 and a second motion limiting surface 
54. Although the motion limiting member 43 may be 
constructed from any rigid material (e.g., hard plastic), 
it is preferably constructed from metal. The first motion 
limiting surface 52 is pivotally connected to a second 
lower surface 56 of the lower member 28. Such surface 52 
is further pivotally connected to an end portion 22 of the 
knee brace's lower strut 20. The pivotal connections of 
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the motion limiting member 48 at the second lower surface 
56 and the lower strut's end portion 22 may be made through 
the use of fasteners 58 such as rivets, pins-, screws and 
the like. 

[0037] Referring now back to Figure 2, an elongated arm 
member 60 which can be fabricated from any rigid material, 
but preferably metal, is additionally provided between the 
end portions 18, 22 of the upper and lower struts 16, 20 on 
the opposite side from the attachment of the motion 
limiting member 48. Such arm member 60 serves to 
strengthen the connection between the two struts 16, 20 
while allowing them to simulate the movements of the user's 
knee joint 14. The elongated arm member 60 are pivotaiiy 
attached between the upper and lower struts 16, 20 via 
fasteners 62 such as pins, rivets, screws and the like. 
[0038] By forming such multi-rotational linkages by the 
motion limiting member 43 and the elongated arm member 60, 
relative movements of the upper strut 16 and lower strut 20 
is facilitated about a varying pivot axis. Such movement 
simulates normal knee joint movement wherein during initial 
movement of the tibia relative the femur in flexion, the 
tibia slightly lowers to unlock the knee joint 14 and once 
unlocked, subsequently pivots rapidly backward in flexion. 
A more detailed description of the mult i- rotational linkage 
and the manner in which the actual movement of the knee 
joint is simulated is found in issued United States Letters 
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Patent No. 4,836,054 entitled Knee Brace assigned to the 
subject Assignee, the disclosure of which is expressly 
incorporated herein by reference. 

[0039] A motion limiter 64 is provided on the motion 

limiting body 50. Preferably, the motion limiter 64 is 
formed on a corner of the first motion limiting surface 52 
which most closely disposed to the elongated main slot 38. 
This limiter 64 is essentially a projection that extends 
perpendicularly outwards with respect to the first motion 
limiting surface 52 towards the elongated main slot 38. 
Such projection is preferably comprises a flange that may 
be fabricated from any rigid material. However, metal is 
preferred due to its strength. The motion limiter 64 is 
aligned within the elongated main slot 38 when the motion 
limiting member 48 is attached to the lower member 23 as 
described above. 

[0040] The provided figures illustrate the motion 

limiting member 48 as being formed having generally- 
triangular shape. However, the motion limiting member 48 
may be formed in any shape or configuration which allows it 
to be aligned and freely disposed within the fixed boundary- 
set by the mam slot 38. In this respect, the motion 
limiter 64 slides within the curved, fixed boundary of the 
elongated main slot 33 when the upper and lower struts 16, 
20 of the knee brace 10 is caused to pivot about the user's 
knee joint 14 . 
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[0041] As shown, the elongated main slot 38 accommodates 
the slidable movement of the motion limiter 64 which is 
caused by the pivoting action of the struts 16, 20. 
Because the motion limiter 64 is physically confined within 
the fixed boundary of the inner slot periphery 47, this 
limits the movement of the upper and lower struts 16, 20 
which in turn further limits the flexing and extending of 
the user's knee joint 14. As such, the inner slot 
periphery 47 of the elongated main slot 38 provides a fixed 
boundary which defines a predetermined range of motion for 
allowing knee joint flexion and extension. The fixed 
boundary may vary in size to yield different ranges of 
motion. However, it is preferred that such range of motion 
is between about 0 to about 140 degrees, that is, the 
relative position formed by the tibia in relation to the 
femur in terms of degrees. 

[0042] Referring now to Figures 5 and 6, the user may 
manually adjust the prescribed range of motion of the hinge 
in two ways. The first way of adjusting the prescribed 
range of motion is through the use of a stop member 66. 
More particularly, the user may manually and removably 
position the stop member 66 within the elongated main slot 
38 in order to selectively shorten the fixed boundary set 
by the inner slot periphery 47 in which the motion limiter 
64 is allowed to move. In other words, the inner slot 
periphery 47 of the main slot 38 is shortened to a length 
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desired by the user so that the motion limiter 64 is 
essentially confined to travel only within the adjusted 
length of the periphery 47. By utilizing such concept, the 
use of two stop members 66 is then contemplated herein 
wherein the motion limiter 64 is confined between the two 
stop members 66, and therefore allowed to move only along 
the length of the inner slot periphery 47 which is set 
between those two stop members 66. 

[0043] The second way in which the user may manually 

adjust the prescribed range of motion is to utilize two 
different sets of stop members 68, 70 in combination. In 
particular, a first set of stop members 63 is composed of 
a plurality of different length stop members 66 which are 
individually used with one other stop member 66. selected 
from a second set of stop members 70. Likewise to the 
first set 68, the second set of stop members 70 is also 
comprised of a plurality of different length stop members 
66 which are individually utilized with one other stop 
member 66 chosen from the first set of stop members 68. By 
selectively picking out one stop member 66 from each set 
63, 70 (depending upon the stop member's length) and 
placing them in a spaced apart relationship to each other 
respectively at the two ends 72, 74 of the main slot 33, a 
new inner slot periphery 47 defining a new prescribed range 
of motion is created. The use of stop members 66 in this 
manner effectively controls the flexion and extension of 


the user's knee joint 14. 

[0044] Although any number of stop members 66 may form 
each set 68, 70, it is preferred that the first set 68 
(designed for controlling flexion) is comprised of five 
stop members 66, each defining a body which provides a 
different length. It is further preferred that the second 
set 70 (designed for controlling extension) is comprised of 
four stop members 66, also each defining a body providing 
a different length. Lastly, an additional lock-out stop 
member 76 which is used for immobilizing the motion limiter 
64 may be provided with the two sets 68, 70. Such stop 
member 76 would be essentially used for the sole purpose of 
maintaining the motion limiter 64 in a fixed position so 
that the user's knee joint 14 is prevented from any 
movement. 

[0045] Each of the stop members 66 described above may 
be fabricated from any rigid or semi-rigid material such as 
plastic, metal and the like. However, it is preferred that 
each of the stop members 66 are made from semi-rigid rubber 
or plastic so that they can be frictionally retained within 
the inner slot periphery ' 47 of the main slot 33. 
Optionally, if the main slot 33 is fabricated in a way as 
to define a jagged saw tooth inner slot periphery 47, then 
each of the stop members 66 may accommodate such periphery 
47 by having a complementary shaped jagged exterior 
configuration which corresponds thereto. The indentations 
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formed by the jagged inner slot periphery 47 may then be 
used to adjust the placement of the stop members in about 
5 to 10 degree increments (or in lower increments if 
desired) . 

[0046] In operation, a knee brace 10 (e.g., post- 

surgical and/or osteoarthritis knee braces) utilizing the 
present hinge systems 12 is worn upon a leg 78 of a user 
for the purpose of regulating the flexion and extension of 
his/her knee joint 14 within an optimal range of motion. 
Such regulation helps to rehabilitate an injured knee joint 
14 and/or prevent re-injury of the same due to hyper- 
extension and/or flexion. Of course, it is recognized that 
an additional knee brace may be further worn upon the 
remaining leg (not shown) . 

[0047] When such knee brace 10 is worn upon the user's 
leg 73, and more particularly about his or her knee joint 
14, the knee brace 10 acts to simulate the movements of the 
knee joint 14. However, the interaction of the motion 
limiter 64 and the elongated main slot 38 as discussed 
above limits the movement of the knee brace's upper and 
lower struts 16, 20. This consequently limits the flexion 
and extension of the user's knee joint 14 within the 
predetermined range of motion prescribed by the main slot's 
fixed boundary (preferably between about 0 to about 140 
degrees) . 

[0048] If the user wishes to adjust the range of motion 
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of his or her knee joint 14, stop member (s) 66 may be 
applied to each of the hinge system. As noted above, the 
stop member (s) 66 may be placed within the elongated main 
slot 38 to selectively adjust the fixed boundary in which 
the motion limiter 64 is allowed to travel. The adjustment 
may be done in small increments, such as by 5 or 10 degrees 
increments. Essentially, the stop member (s) 66 is used to 
shorten the inner slot periphery 47 so that the range of 
motion can be set at less than 140 degrees, and may be done 
so in 5 to 10 degree increments, or lower if desired. 
[0049] Additional modifications and improvements of the 
present invention may also be apparent to those of ordinary 
skill in the art. Thus, the particular combination of 
parts described and illustrated herein is intended to 
represent only certain embodiments of the present 
invention, and is not intended to serve as limitations of 
alternative devices within the spirit and scope of the 
invention . 


